The mechanism of randomization in late boundary layer transition is studied carefully by high order DNS. The randomization was originally considered as a result of background noise. It was addressed that the large ring structure is affected by background noises first and then the change of large ring structure affects the small length scale quickly, which directly leads to randomization and formation of turbulence. However, our new DNS results show that all small length scales are generated by high shear layers without exception. The asymmetric structure is firstly happened at the middle level of streamwise and spanwise direction, which eventually deforms the shape of shear layer. The consequence is that some of the small length scales around high shear disappear and the small vortex legs detached from the wall through separation, so that the flow loses symmetry and becomes randomized. 
I. Introduction
This work is devoted to the investigation of the late stages of the laminar-turbulent transition process in a flatplate boundary layer. As we know, in order to get a fully developed turbulent flow, the following two characteristics should be obtained: 1. small vortices 2. randomization. According to the existing literatures about the mechanism of randomization, there are not many explanations. Here we only pick the conclusion made by Rist and his co-workers (see Meyer et al 2003) who believe that " the inclined high-shear layer between the legs of the Λ -vortex exhibits increasing phase jitter (i.e randomization) starting from its tip towards the wall region." . However, by carefully analysis on our DNS data, we find a different phenomenon from the theory given by Rish and his co-workers.
II. Case setup and DNS validation

Case setup
The computational domain is displayed in Figure 3 . The grid level is 1920×128×241, representing the number of grids in streamwise (x), spanwise (y), and wall normal (z) directions. The grid is stretched in the normal direction and uniform in the streamwise and spanwise directions. The length of the first grid interval in the normal direction at the entrance is found to be 0.43 in wall units )
The parallel computation is accomplished through the Message Passing Interface (MPI) together with domain decomposition in the streamwise direction. The computational domain is partitioned into N equally-sized subdomains along the streamwise direction. N is the number of processors used in the parallel computation. The flow parameters, including Mach number, Reynolds number etc are listed in Table 1 Figure 4 compares the velocity profile of the T-S wave given by our DNS results to linear theory. Figure 5 is a comparison of the perturbation amplification rate between DNS and LST. The agreement between linear theory and our numerical results is pretty well.
Comparison with Linear Theory
Figure4. Comparison of the numerical and Figure5. Comparison of the perturbation LST velocity profiles at Rex=394300 amplification rate between DNS and LST
Grid Convergence
The skin friction coefficient calculated from the time-averaged and spanwise-averaged profile is displayed in Figure 6 . The spatial evolution of skin friction coefficients of laminar flow is also plotted out for comparison. It is observed from these figures that the sharp growth of the skin-friction coefficient occurs after 450 in x ≈ δ , which is defined as the 'onset point'. The skin friction coefficient after transition is in good agreement with the flat-plate theory of turbulent boundary layer by Cousteix in 1989 (Ducros, 1996) . Figure 6 also shows that we get grid convergence in velocity profile. 
Comparison with Log Law
Time-averaged and spanwise-averaged streamwise velocity profiles for various streamwise locations in two different grid levels are shown in Figure 7 (Figure 9 ), we note that both of experiment and DNS agree with each other qualitatively. Each U-shaped vortex is formed underneath the ring-like vortex, and in fact the U-shaped Vortex can exist for a long distance. Figure 8 . Experiment results given Figure 9 . DNS result of by Guo et al (Aug. 2010 )' [8] U-shaped Vortex Ring-like vortex
Coherent structure of U-shaped vortex
Comparison with Other DNS
Although we cannot compare our DNS results with those given by Borodulin et al (2002) quantitatively, we still can find the shear layer structure are very similar in two DNS computations in Figure 10 . 
III. Asymmetric phenomenon happened at middle level in both streamwise and spanwise directions
The instability of shear layer is an origin of the vortex ring generation at late stage of boundary layer transition. We will look at the time step of t=7.5T from the top and bottom visualized by using 2 λ method (Fig.11) . From top view, the large vortex structure still keep symmetric (Figure 11a) . Meanwhile, one cross section in Figure 11b is selected to investigate the mechanism of randomization along the spanwise direction. From the Fig.12 , by looking at the streamtrace of each vortex around the boundary layer, the following phenomena have been observed:
1.
In the red frames in Figures 13 and 14 , the left vortex ring is generated around the shear layer where the velocity is changed from the green to yellow levels, and the right vortex ring is generated between the red and yellow levels. However, all the other vortex rings are remaining on the same velocity shear levels and they are symmetric on both sides.
2.
It is also found that the loss of symmetry happens in the middle of the streamwaise direction, not inflow and not outflow. Since all noises are mainly introduced through inflow, outflow or invisci area, it is likely that the reason to cause asymmetry is mainly not background noise, but pretty much internal property of vortex structure in boundary layers 3.
The above observation demonstrates that vortex rings at the middle level in normal direction lose the symmetry first but not one from the top.
4.
The above observation can further find in Fig. 11(a) that the structure of the top vortex rings still keep symmetric as before.
5.
When the rings at the middle part loss the symmetry, it will quickly affect the shape of rings at the bottom of boundary layer through sweep motion(downdraft) as shown in Fig.13 (a) (b) Figure 11 . top and bottom view-isosurface of 2 λ Figure 12 . velocity perturbation and streamtrace Figure 13 . enlarged area of velocity perturbation and streamtrace
IV. The transformation of shear layers
The sweeps generated by the vortex rings bring high speed momentum to the boundary layer, which is favorable to resistance of the adverse gradient of the pressure. Due to the large difference of streamwise velocity, high shear layers region can be recognized at the near wall region. In order to show the 3-D characteristics of the high shear layer, it is helpful to check the parameter variation on different time steps (t=16.875T,t=17.75T,t=24.75T). By looking at spanwise vorticity y ω , we use positive values of the periodic part of the wall-normal velocity gradient / U z ∂ ∂ plotted as contour lines in Figure 14 where yellow area represents high value of voticity. In boundary layers, the gradient / U z ∂ ∂ is almost equal to the spanwise vorticity y ω , since x V ∂ ∂ / is rather smaller (see e.g. Rist & Fasel 1995) . From these figures, following results can be obtained:
1)
Due to the generation of vortex rings by different streamwise velocity shear layer level, these shears are not symmetric any more. This asymmetry consequently affects the shape of the ring-like vortex due to the change of the direction of sweeps (downdraft motion). As a result, the intensity of positive spike is reduced by one side. That is reason why we can see asymmetric high shear layer in the near wall region inside the red frame.
2)
At time step t=17.75T in Fig14. (b) , it can be clearly seen that the middle part of shear layer inside the red frame is getting weaker than the one at t=16.875T in Fig14(a). It will be discussed in more details in the next section.
3)
We have selected a same value for iso-surface of y In last section, we discussed that the intensity of shear layer is getting weaker and weaker as flow travels downstream. This phenomenon can be explained as following: While the ring-like vortices travel down stream, it will be lifted up due to the boundary layer mean velocity profile. Since the shear layer is caused by sweeps generated by ring-like vortices which are lifted up. Then, the consequence is that the height of shear layer becomes much higher than before, changing from 0.3 to 0.5 and 1.0 at three different time steps (Fig 15) . On the other hand, while more and more small vortices are generated near the wall region, we can find that the value of velocity perturbation is enhanced when the flow travels downstream. Another evidence to prove that the asymmetric phenomenon happened at the middle level of flow can be seen at the time step t= 18.625T. By looking at the top view of flow structure ( Fig.16(a) ), we note that the top vortex structure is still keeping symmetric. However, the bottom structure has totally lost symmetric characteristics ( Fig.  16(b) ). The conclusion is that the asymmetric fluctuations did not yet spread very far to the top in the normal direction away to the place where the original asymmetry. This indicates that the mechanism of growth of asymmetry is related to the development of those deformed vortices in the boundary layer by ejection (upward) motion. As the time develops, there are other asymmetric displacements of the vortices. Then asymmetric phenomena can be observed for almost every vortex in Fig 16(c) which is one cross-section from time step t=18.625T labeled at Fig16(a) and (b). Finally, in addition to the boundary layer, the whole flow field is filled with many vortices with asymmetry at time t= 25.0T. This can be seen in Fig 17(a) which is one cross-section from Fig  17(b) . This can be seen even better in the top visualization in Figure 17 
VI. Conclusion
Although we still use the symmetric boundary condition for inflow without intentional introduction of background noises from inflow, outflow, and far-field, we find that the vortices still become asymmetric in the whole flow field fianlly. Following conclusions can be made by the current result we obtained:
The phenomenon of asymmetry is originally happened not only at the middle level in the normal direction instead of happening from the tip, but also at the middle part of the flow field in the streamwise direction, which means that the downstream and upstream still keep symmetric characteristics.
2.
Since there are small vertex rings generated at the middle by different streamwise velocity shear levels, they will affect the intensity of positive spikes which result in deformation of the vortices inside the boundary layer. 3.
